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In the preceding paper of this series subsiantisl agreement way found

1-4%a

betwean the experimsatally dstsimined lstters of tha genetic code nd

sming acld replecements in alirous acid mutants of tclacco mesalc msﬁ”'?.,
e to deaninetion of certale bases, treatmens of nucleic aclds with HINO,;
o3 0 bass substitutions ia the polynaucicotide chains end hence o
ahznges of thotr nuclectide mquances’?, Guenine is converted ¢ nangiine,
adenine to hypozanthine; =nd cytosias to uracil, Uracil L8 not changed, In
the cage of tchaceo mosaic virus RNA; controlied HN O, treatment can load
to deamincticsn of & slngle base and, as a result of the base change, to the
substituticn of an cmino actd for another at a specific location in the poly~
neptide chzin of the protein coat, It has been assumed" that the conversion
ok puanine o xanthine, a base which i3 not present in nucleic scids; is
tevarted {guanins taking the place of xanthine) when the RNA is repiicatad
80 et no muiation ocours, Ia a similer way, when adenine {5 doomineted
to hypoxarnthine, which like xanthine {& not nommolly present in nucleic acids,
cusnine 4s supposed 0 teke the place of hyporanthine after replication of
the RNA. In this case, howsver, guanine Is substituied for the original
tdenine {A—G replacament) and mutation occurs, Deamination of cytosine
t5 vracil lsads directly %0 a C—U replacemant.

Hypoxanthine can be aubstiwied for guanine, i.e. inosinic zcid (I) for
guanylic actd {G), in syathetic polynucleotides with retention of their cading

cheracteristics for, as previcusly m&e&é. poly Ul {5:1) was equivaient o



poly UG {5:1) in vogard to thogs amine acids {cysteine, glycine, ryplo=
phen, ond valine) which are coded by U~ and G~containing lettors. In
iiae with this obeervation, trestmont with HNO, confeired upon poly UA
{E:1} the coding characterisiics of poly UG {513}, o.g9. cysteins and
valline {ncorposation was substituted for lsoleucine and tyrosine incorpor-
silon. This i3 the test tube counterpatt of amine acid replacemernts in
HNCT2 mutants of todaccd mosei: viras, On the othor hend, deamination
of guanine to xanthine by treatment of poly UG {5:1) with HNO, sliminated
the stimulation of valine incorporation ceused by the untreated pelymer,
Thus, contrary {0 hypoxantiine, xamhine cannot replace guanine in the
gonstic ¢ ode, An account of these experimerts is given in this paper.
Preparetisng end methods. ~ These wars tha same as in previcus works
unless otherwise specitied. Poly UI {5:1) was propared with Azgtobecier
polyaucleotice phosphorylase! from a mixture of uridine 5°~diphosphate snd

incsine 5'-diphosphate in molar ratio 511, [ts sedimentation coefficiert was

6.3 3.
Deamination of polynucleaiides, = 720 mg of sodium nitrite were added

to a solution of 6 mg of polymer {in 9 mi of 20% acetic acid., After standing
&t room tomperature with occesiona! shaking for one hour (experiment 2,
Table 2) or two hours {experiment 1, Table Z), the solution was dialyzed for
5=6 nours against distilled water, with several changes, and the polymer rg~

cewerad by lyophilization. In the case af poly UA (5:1), deamination of the



adsalne residuas appesred $o be netr comnletion in 3% minutes as judged
by extengive loss of the capacity to stimuiste the incorporation of isc-
lsucine into acid-inzcluble products in the Eacherichia coll system,
Resuylts. = Experiments with poly Uk 2se shown in Tabis 1 poly Ul
{511} stimuiated the incorporaticn ¢f phenylrlanine, cysteing, valine, gly~
cins, and tryptophan {experimont 1) end leucine {auperiment 2)., Altkough
the sctivity of this polymer was somewhet lower than that of pely UG {5:1}
{ci,Tabie 2), the phe/cys, phefvel, phefgly, phe/try, and pho/leu incor-
sorztion rasios, given in the last column of the tabie, were in reasonable
agreement with the coiresponding ratios for poly UG (5:1) (ci. Table 2 of
precading paper‘b. This proves that hypoxanthine car replace guanine in

ghe genetic coadle,

HNQ=treateod polymers: The results of experiments
with: poly UA, UG, and UC are shown in Table 2, In addition to the changes
that can be specifically ascribed to deaminstion, treatment with HNO, re~
sultad in a8 pronounced overall decrezse in the activity of the polymers,

Tais wae reflected by an 85% and 70% decrcase of the capacity of poly UA
{5:1) to stimuiste the incorporation of phenyalanine after treatment with
HNO, for 2 hours (expsriment 1} and 1 hour {experiment 2), respectively.
The reasen for this decrease in activity is unknown, Neverthelsss, the
chenge in coding characteristics of poly UA, due to A-+I conversion by de-

amination, was readily apparent, Before deamination, poly UA promoted the



iacorpoiation of isaleucing, leucine, and tyrocsine but not that of cystelne
and valine, Deaminetion largely aliminaied the capacity o sumulate in-
corporation of iscleucine and tysosing and brought forih siimulation of tle
incorporation of cystalne and valine, Stimalation of leucing incorporation
was largely retalned in agreemaont wii the f.mding{' that leucine is coded
by 2ULR and ZU1G {or 2UlL Takle 1} besidos 2ULC letters,

Tresswment of poly UG {5:1) with HNQ, {guanine~xanthine conversion)
virtuslly aliminated sil activity of this palymear. Phenyalanine incorpsre~
tHon was diasticelly decreased and valine incorporation was wiped outwo
Thus, in sharp contrast to hypoxanthkine, xanthine is unable to substituts
for guanine in the genetic code.

The experiment with pely UC (511) showed retention of phenyalsnine
{coce letter UUU)Y and masked loss of serine {code letter 2U1C) incorporation
activity following treatment with HNQp for § hour {C—V conversion), Since
the activity towasrd phenylalanine was retajned, contrery to the marked drop
observed witi: paly UA, it is likely that & non~specific decrease in activity,
caused by HNO; trestmont, was compensated by an incretse due to conver-
sion of poly UC, which codes fur pheaylalanine and other amine acids, %0
poly U which codes for phenylalanine only.

Discuesion, ~ As shown in this paper HNO;, treetment of synthetic poly~-
nucleatides, used as artilicial messengers for protein synthesis in the

Lo c3li system, leads to amino acid replacements like those observed in



BRO, mutanis of tobaces mosatc virus, However, multiplicetion of the
vircs involves two procasaes viz, replication of the RNA and transcrip~
Hor of {1ty cods into a polveentide sequence, QOur model experiments

with palynusicotides relate only to the offact of HNO; on the transcripiton
of the mesyge.

The finding that hypcxzanthine can replace guanine in aminc acid
ceding i net suprising n: view of the similarity of these two bases with
regard to hydrogen bonding. Poly I kas been shown to farm DMNA-ilke,
double-stranded helical complenes with poly G112, The stability of the
hypoxanihine~Cytosine pair is of the order of magnitude of that of the
adentne-uracil pair as the melting out temperature of poly A + U (61° in
0. 15 M NeCl~0, 15 M sodlum citrate) {3 only about 10 degrees higher than
that of poly 1 + C!3, Therefore, hypoxanthine in poly Ul triplets {e.g.
UUN would pair with cytosine in complementary "adaptor® 14 triplets (AAC)
o oysteine or valine transfer RNA. Howevar, the gusnine-cytosine pair,
with three hydrogen bonds, is held together more tightly than the hypo=-
xanthine-cyiosine pair with only two hydrogen bonde. The lower efficiency
of poly Ul &s compared with poly UG, noted in a prévious section, mighi
be a reflection of thn difference. Our observations are in line with the
finding15 that deaxy ITP could replace {with 25% efficiency) desxy GIP in
DMA synthosis by DNA polymerase. The further finding reported in this

paper that xanthine cannot replece guanine in coding, although epperently



net axpiainable in Senms ¢f hydrogen bonding propertics (as xantiing is
gsimilar to zuenine An thieg respect), Ls also in ling with the fatlure of
decryranthasine iphosphate ¥ replace deosty GTP in the DNA polymerses
swaemlsa in viow of fheae recults, revoisal of the gusnine—xanthine
corvarsion {guanine toking the place of xenthine} on replicaticn of NGO~
trevied tobacoo mozels virus RNA, is unlikaly, Deamination of guanine
is 1acre likely o yiald an RNA that is unsble 20 replicate {iethal mutation).

Modification of the coding chuncteristics of syathetic polynucleotidss
with agents otaey than HNQ; might tirow lght an the mede of action of
certatin mutageno. Seoveral amino acid replacements in tobscco mosaic
virvs pratein have been brought about by treatment of the virus with beomi-
noging and slkylating agentaS’?. However, the relationship between the
cbasrved replacemants and the chemical effects of these mutagens on tha
rucleic acld bases is obscure,

Summary. - Hypoxamhine can replace guanine in amino acid coding for,
like poly UG (511}, poly Ul i5:1) stimulated the incorporation of cysteins,
glycine, leucine, ystophan, and valine Lo acid-insaluble products in the
E. coll systam to the seue relaiive extent, Treatment of synthetic polyau-
cleotidas with nitrous acid modiiled their coding characteristics as expected
from the desmiastica of adenine to hypoxanthine and cytosine to uracil,
roly UA lost ike coding spacificity aad acquired thot of poly UL, and poly UC

jezt its activity to stimulete the incorposation of serine Hut not that of



phenyialanine. Deamination of guznine 1o xanthine, by trestment of poly
UG with nitrous acid, wipad oul the activity of this polymer to stinmulate
vsling incorperation, Thus, contraty to hypoxamihine, naniniine cannoi
rapiacs guanina in amino aclid coding.
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TABLE 1
EFFECT OF FGLY UL{5: 1) ON AMINOACID INCORPORATION IN E. COL] SYSTEM®

Lxpert= Amino acid Without Wwith Net Ratio*
ment pely Ul poly Ul
Neo.
3 Phenylalanine 0,18 9.14 8.96 o
Cysteine 0.15 1. 28 1.13 7.9
Valine 0,21 2,24 2,03 4,4
Glycine 0.17 0,56 0. 39 23,0
Tryptophan 0.12 0.51 0.39 23,0
2 Phenylalanine 0.10 4.91 4,81 woace
Leuctne 0, 26 1.51 1.25 3.9

*mumoles/mg ribosomal protein. *Ratio of phenylalanine incorposation to
that of the amino acid in question.



TABLE 2

EFEECT OF VARIOUS POLENUCLEOTIDES, BEFORE ANL AFTER TREATMENT WHA HANO,,

OM AMING ACID INCORPORATION IN LGOI SYSTEM®
Experis Ardns sold Polynucleotide
ment VA {5:3) UG 151} UC i5:3)
No, Before After  Before AfRter Before  After
HNO, HNO; HNO, HEOQ; HNO; HNO,
1 Phenylslenine 15,9 S 4 22, & 0,07 e -
iscleucine 49 0,05 wmer —— - .
Velino ] 0.4 Y Q - —esom
Z Phenylnlanine 1.8 3,6 15,8 14,1
1saleucine 1.5 .07 — — e -
Leucine 1.7 0. 30 o — v -
Tyroaing 3l 912 ——— -
Cysteins 2 9,16 o ——- ——e -
Valine 0 0.33 — e
Serine - w_—  eme e 33 87

®yalues given refer to net incorporation (in mumoles/myg ribosomal pratein) after
subtraction of smell blank incorporation without polynuclectide,



